OPTICAL DISK AND METHOD FOR PRODUCING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an optical disk used for 
recording/reproducing information and a method for producing the same. 

2. Description of the Related Art 

In the field of optical disks, there is a demand for high-density 
recording of information. As a method for realizing such high-density 
recording, a domain wall displacement detection (DWDD) system has been 
proposed. 

In an optical disk of the DWDD system, it is required to weaken 
magnetic coupling between adjacent recording tracks. Therefore, in the case 
of producing an optical disk of the DWDD system, initialization for weakening 
magnetic coupling between adjacent recording tracks is conducted before 
recording an information signal. Such an initialization method has been 
reported in the past (see JP 6(1994)-290496 A and JP10(1998)-340493 A). 

Figure 10 shows an example of a structure and an initialization 
method of a conventional optical disk. As shown in Figure 10, a conventional 
optical disk 1 includes a substrate 2, and a first dielectric layer 3, a recording 
layer 4, a second dielectric layer 5, and a protective coating layer 6 
successively stacked on the substrate 2. On the surface of the substrate 2 on 
the side of the recording layer 4, grooves 2a are formed. A portion called a 
land is formed between two grooves 2a adjacent in the radial direction, and 
this portion becomes a recording track. The groove 2a has a width of, for 
example, 0.2 jam, and the land has a width of, for example, 1.4 \im. The 
recording layer 4 includes at least three magnetic layers for reproducing 
information by the DWDD system. 

Next, an initialization method of the optical disk 1 will be described. 
According to the initialization method of the optical disk 1, laser fight 7 (laser 
power = 10 mW, X = 780 nm, NA of an objective lens 8 = 0.5, diameter of a light 
spot = about 800 nm) for annealing is radiated along the grooves 2a, thereby 
eliminating magnetic coupling of the recording layer 4 on the grooves 2a. 
During the initialization process, the relative moving speed of the light spot of 
the laser light 7 is, for example, 2 m/sec. 

However, according to the initialization method as described above, 



portions other than the grooves 2a also are irradiated with a light spot. 
Therefore, an effective recording track becomes narrow, which decreases a 
signal level. This requires a light spot radiated to the recording layer 4 to be 
small. The first dielectric layer 3 is optimized in accordance with a 
wavelength of laser light for recording/reproducing, so that it is diffi cult to 
decrease the size of a light spot of the laser light 7 for annealing. 
Furthermore, for the same reason, it is difficult to enhance an absorption 
efficiency of the laser light 7 for annealing in the recording layer 4, so that 
initialization at a high linear velocity cannot be conducted, resulting in a long 
initialization time. 

SUMMARY OF THE INVENTION 

Therefore, with the foregoing in mind, it is an object of the present 
invention to provide an optical disk having a high recording density, which 
can be initialized in a short period of time, and a method for producing the 
same. 

In order to achieve the above-mentioned object, there is provided a 
method for producing an optical disk including a substrate and a recording 
layer disposed above the substrate and reproducing an information signal by a 
DWDD system, using light incident from the substrate side, the method 
including the processes of: (i) forming a first dielectric layer, the recording 
layer, and a second dielectric layer on the substrate in this order; and 
(ii) irradiating the recording layer with laser light for initialization from the 
second dielectric layer side, thereby weakening magnetic coupling of a part of 
the recording layer. According to the above-mentioned method for producing 
an optical disk, an optical disk can be produced with a high recording density 
and satisfactory productivity. In the present specification, the term 
"initialization" refers to a process of weakening magnetic coupling between 
recording tracks by annealing a part of the recording layer. 

In the above-mentioned production method, it is preferable that a 
wavelength of the laser light for initialization is X, and a thickness of the 
second dielectric layer is in a range of X/(12 x n) to Xl{2 x n) (where n is a 
refractive index of the second dielectric layer), particularly, in the vicinity of 
7J(4 x n). 

In the above-mentioned production method, the laser light for 
initialization may be obtained by condensing laser fight by an objective lens 
with a numerical aperture of at least 0.65. According to this constitution, a 



laser spot can be made small, and an optical disk with a particularly high 
recording density can be produced. 

In the above-mentioned production method, during the process (ii), the 
recording layer may be irradiated with laser light for tracking servo, whereby 
5 tracking servo is conducted. According to this constitution, the precision of 
tracking control is enhanced, so that positional precision in the radial 
direction of annealing also is enhanced, resulting in a stable DWDD 
operation. 

In the above-mentioned production method, a wavelength of the laser 
10 light for initialization may be shorter than a wavelength of the laser light for 
tracking servo. According to this constitution, track density can be 
enhanced. 

The above-mentioned production method further may include forming 
a heat conduction adjusting layer for adjusting the sensitivity of the recording 
:J 15 layer on the second dielectric layer after the process (ii). 

=0 In the above-mentioned production method, during the process (ii), a 

^ region of the recording layer to be irradiated with the laser light for 

3 initialization may be heated before being irradiated with the laser light for 

V initialization. According to this constitution, a time required for 

E 20 initialization can be shortened, and an optical disk can be produced with 
satisfactory productivity. 

Furthermore, a first optical disk of the present invention includes a 
substrate and a recording layer disposed above the substrate, and reproduces 
an information signal by a DWDD system, using light incident from the 
25 substrate side, the optical disk further including a first dielectric layer 
disposed between the substrate and the recording layer and a second 
dielectric layer disposed on the recording layer opposite to the substrate, 
wherein magnetic coupling of a part of the recording layer is weakened by 
irradiation with light having a wavelength X incident from the second 
30 dielectric layer side, and a thickness of the second dielectric layer is in a range 
of A/(12 x n) to Xl{2 x n ), where n is a refractive index of the second dielectric 
layer. In the above-mentioned optical disk, a thickness of the second 
dielectric layer is stipulated in accordance with laser light for initialization. 
Therefore, a spot of laser fight for initialization can be made small, and the 
35 annealing efficiency by laser light for initialization can be enhanced. Thus, 
according to the above-mentioned constitution, an optical disk with a high 
recording density is obtained that can be initialized in a short period of time. 
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In the above-mentioned first optical disk, the second dielectric layer 
may be made of silicon nitride and may have a thickness in a range of 40 nm 
to 60 nm, and the wavelength X may be in a range of 400 nm to 410 nm. 
According to this constitution, sufficient resistance to corrosion can be 
obtained. Furthermore, according to this constitution, the amount of light 
absorbed can be increased, and the energy of laser light required for 
initialization can be decreased. 

In the above-mentioned first optical disk, the second dielectric layer 
may be made of silicon nitride and may have a thickness in a range of 25 nm 
to 30 nm, and the wavelength X may be in a range of 400 nm to 440 nm. 
According to this constitution, since the second dielectric layer is thin, an 
optical disk can be produced with satisfactory productivity. 

In the above-mentioned first optical disk, a refractive index of the 
second dielectric layer may be larger than a refractive index of the first 
dielectric layer. According to this constitution, even the relatively thin 
second dielectric layer can utilize laser light for initialization efficiently, so 
that a time required for forming the second dielectric layer can be shortened. 

The above-mentioned first optical disk further may include a heat 
conduction adjusting layer disposed on the second dielectric layer for 
adjusting the sensitivity of the recording layer. According to this constitution, 
the sensitivity of the recording layer can be adjusted, and a power range 
enabling information to be recorded/reproduced can be enlarged. 

The above-mentioned first optical disk further may include a 
protective coating layer formed on the second dielectric layer opposite to the 
substrate, and the protective coating layer may be thinner than the substrate. 

In the above-mentioned first optical disk, a difference in level may be 
formed on a surface of the substrate on the recording layer side, and recording 
tracks of the recording layer may be separated magnetically by the difference 
in level. According to this constitution, by irradiating lands with laser light 
for initialization, a region with a narrow width can be annealed using a light 
confinement effect. An optical disk is obtained in which magnetic coupling 
between recording tracks can be cut off easily, and a track pitch can be made 
narrow. Furthermore, by using grooves as recording tracks, portions with 
less surface roughness are used as recording tracks, whereby an optical disk 
with satisfactory DWDD characteristics can be obtained. 

Furthermore, a second optical disk of the present invention includes a 
substrate and a recording layer disposed above the substrate, and reproduces 



an information signal by a DWDD system, using light incident on the 
substrate side, wherein sample servo pits for conducting tracking control by a 
sample servo system are formed on the substrate, grooves to be recording 
tracks are formed in a concentric shape or a spiral shape in a 
recording/reproducing region of the substrate, a track pitch of the recording 
tracks is in a range of 0.5 jam to 0.6 jam, and the recording track is cut off 
magnetically from an adjacent recording track by allowing a laser spot of laser 
light having a wavelength X in a range of 400 nm to 440 nm to scan an inter- 
groove portion. 

The above-mentioned second optical disk may include a first dielectric 
layer disposed between the substrate and the recording layer, and a second 
dielectric layer disposed on the recording layer opposite to the substrate, 
wherein the recording track may be cut off magnetically from an adjacent 
recording track by irradiation with laser light from the second dielectric layer 
side. 

In the above-mentioned second optical disk, a thickness of the second 
dielectric layer may be in a range of \/(12 x n) to A7(2 x n), where n is a 
refractive index of the second dielectric layer. In the second optical disk, 
information can be recorded with a high density. Furthermore, in the second 
optical disk, information can be reproduced with laser light having a 
wavelength in a range of 600 nm to 650 nm. Alight source (laser diode) of 
laser light in such a wavelength range can be obtained easily, output a high 
power, and have stable characteristics. 

In the above-mentioned second optical disk, a reflectivity R G of the 
groove and a reflectivity R L of the inter-groove portion may satisfy 0.95 < 
Rq/Rl < 1.0. According to this constitution, the movement of magnetic 
domain walls becomes smooth, and a signal ratio is enhanced. 

These and other advantages of the present invention will become 
apparent to those skilled in the art upon reading and understanding the 
following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure lAis a partial cross-sectional view showing an example of an 
optical disk according to the present invention, and Figure IB is a partial 
cross-sectional view showing another example thereof. 

Figures 2 A to 2D are schematic views showing a function of the optical 
disk according to the present invention. 



Figure 3 is a perspective view schematically showing an example of 
one process of a method for producing an optical disk according to the present 
invention. 

Figure 4 is a perspective view schematically showing an exemplary 
5 structure of an optical disk produced by the method for producing an optical 
disk according to the present invention. 

Figure 5 is a perspective view schematically showing another 
exemplary structure of an optical disk produced by a method for producing an 
optical disk according to the present invention. 
10 Figure 6 is a perspective view schematically showing another example 

M of one process of a method for producing an optical disk according to the 

S present invention. 

\jj Figure 7 is a cross-sectional view schematically showing still another 

;*f example of one process of a method for producing an optical disk according to 

m 15 the present invention. 

O Figure 8 is a perspective view schematically showing still another 

example of one process of a method for producing an optical disk according to 

Q the present invention. 

Figure 9 is a partial sectional perspective view showing another 

□ 20 example of the optical disk according to the present invention. 

H 1 Figure 10 is a cross-sectional view showing an example of a method for 

producing a conventional optical disk. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 Hereinafter, the present invention will be described by way of 

illustrative embodiments with reference to the drawings. 

Embodiment 1 

In Embodiment 1, an example of an optical disk of the present 
30 invention will be described. Figure lAis a partial cross-sectional view of an 
optical disk 10 of Embodiment 1. 

Referring to Figure 1A, an optical disk 10 includes a substrate 11, a 
recording layer 12 disposed above the substrate 11, a first dielectric layer 13 
disposed between the substrate 11 and the recording layer 12, a second 
35 dielectric layer 14 disposed on the recording layer 12 opposite to the substrate 
11, and a protective coating layer 15 disposed on the second dielectric layer 14. 
The optical disk 10 reproduces an information signal by using light 16 
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incident on the side of the substrate 11. In the recording layer 12, magnetic 
coupling is weakened partially by using light with a wavelength X that is 
incident on the side of the second dielectric layer 14. 

The substrate 11 has a disk shape. As a material for the substrate 11, 
5 for example, polycarbonate, glass, or the like can be used. The thickness of 
the substrate 11 is, for example, about 0.5 mm to about 1.2 mm. As shown in 
Figures 4 and 5, a difference in level is formed on the surface of the substrate 
11 on the side of the recording layer 12, and the recording layer 12 may be 
separated magnetically by the difference in level. 
10 A transparent dielectric material can be used for the first dielectric 

layer 13 and the second dielectric layer 14. For example, silicon nitride such 
as Si 3 N 4 , A1N, Si0 2 , SiO, ZnS, or MgF 2 can be used. A material for the first 
dielectric layer 13 may be the same as or different from that for the second 
dielectric layer 14. 

15 The thickness of the second dielectric layer 14 is set so as to have a low 

O reflectivity with respect to laser light for initialization radiated on the side of 

the second dielectric layer 14, and efficiently absorb the fight. More 
2 specifically, the thickness of the second dielectric layer 14 preferably is about 

V X/(4 x n), i.e., in a range of X/(12 x n) to X/(2 x n) (preferably, in a range of X/(6 x 

E 20 n) to X/(2 x n)). Unlike a conventional optical disk, in the optical disk 10, 
«* initialization is conducted by radiating laser light for initialization (annealing) 

on the side of the second dielectric layer 14, whereby initialization can be 
conducted efficiently. Furthermore, in the optical disk 10, a fight spot of 
laser light for initialization can be made small, so that the effective width of a 
25 recording track can be increased. Furthermore, since an absorption 

efficiency of laser fight for initialization in the recording layer 12 can be 
enhanced, scanning of a fight spot can be conducted at a high linear velocity, 
resulting in a shortened initialization time. 

More specifically, in the case where silicon nitride having a refractive 
30 index of about 2 is used as the second dielectric layer 14, and a wavelength X 
of laser light for initialization is in a range of 400 nm to 410 nm, the thickness 
of the second dielectric layer 14 preferably is set in a range of 40 nm to 60 nm. 
Furthermore, in the case where silicon nitride having a refractive index of 
about 2 is used as the second dielectric layer 14, and a wavelength X of laser 
35 fight for initialization is in a range of 400 nm to 440 nm, the thickness of the 
second dielectric layer 14 preferably is set in a range of 25 nm to 30 nm. 

The protective coating layer 15 can be formed of the same material as 
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that for the substrate 11. However, it is preferable that the refractive index 
of the protective coating layer 15 is larger than that of the substrate 11. The 
protective coating layer 15 may be formed, for example, by coating the second 
dielectric layer 14 with UV-curable resin, followed by curing it. Alternatively, 
a substrate may be attached to the second dielectric layer 14. 

The recording layer 12 includes at least three magnetic layers so that 
information can be reproduced by the DWDD system. The recording layer 12 
is initialized by using light with a wavelength X that is incident on the side of 
the second dielectric layer 14. In the case where the recording layer 12 
includes a first magnetic layer 2 1, a second magnetic layer 22, and a third 
magnetic layer 23 stacked successively from the substrate 11, the following 
can be used as a material for each layer. For the first magnetic layer 2 1, a 
material can be used that has a small magnetic domain wall coercive force, 
small saturation magnetization in a temperature range in the vicinity of a 
Curie temperature of the second magnetic layer 22, and a Curie temperature 
lower than that of the third magnetic layer 23 and higher than that of the 
second magnetic layer 22. For example, GdCo, GdFeCo, or an alloy thereof 
having a Curie temperature of about 220°C to about 260°C can be used. 

For the second magnetic layer 22, it is preferable to use a material 
having a Curie temperature lower than that of the first magnetic layer 2 1 and 
the third magnetic layer 23, and having a large magnetic domain wall coercive 
force up to a temperature immediately below the Curie temperature. For 
example, DyFe, TbFe, or an alloy thereof can be used that typically has a 
Curie temperature of 140°C to 180°C. 

For the third magnetic layer 23, a material can be used that has a 
large magnetic domain wall coercive force, a Curie temperature higher than 
that of the first magnetic layer 2 1 and the second magnetic layer 22, and 
small saturation magnetization in a temperature range in the vicinity of the 
Curie temperature of the second magnetic layer 22. For example, TbFeCo or 
an alloy thereof that has a Curie temperature of 280°C to 300°C can be used. 

Hereinafter, the function of an optical disk will be described with 
reference to Figures 2A to 2D, in which the recording layer 12 includes the 
first magnetic layer 21, the second magnetic layer 22, and the third magnetic 
layer 23 stacked successively from the substrate 11. 

Figure 2 A schematically shows a state of the recording layer 12 that is 
not irradiated with reproducing laser light. An information signal is 
recorded on the third magnetic layer 23 as magnetization information. In 
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the absence of irradiation with reproducing laser light, the first magnetic 
layer 21, the second magnetic layer 22, and the third magnetic layer 23 are 
coupled to each other with exchange interaction. Therefore, the 
magnetization information of the third magnetic layer 23 is transferred to the 
5 second magnetic layer 22 and the first magnetic layer 21. 

Figure 2B schematically shows a state of the recording layer 12 
irradiated with reproducing laser light. Reproducing laser light moves 
relatively with respect to the optical disk in the arrow direction. When the 
temperature of each layer rises upon irradiation with reproducing laser light, 
10 a portion 22p (represented by a shaded area in the figure) is generated 

partially in the second magnetic layer 22, in which the temperature becomes 
equal to or higher than a Curie temperature. In the portion 22p, exchange 
coupling between the first magnetic layer 2 1 and the third magnetic layer 23 
ffi is cut off. At this time, due to a gradient of an energy density of a magnetic 

^ 15 domain wall dependent upon a temperature, magnetic domain walls of the 
13 magnetic layer 2 1 move. Therefore, in a portion of the first magnetic layer 2 1 

adjacent to the portion 22p, an enlarged magnetic domain 21a is present. 
2 Then, information of a magnetic domain 23a of the third magnetic layer 23 is 

U transferred to the enlarged magnetic domain 21a via a magnetic domain 22a 

E 20 that is positioned forward of the portion 22p (the relative movement direction 
of reproducing laser light with respect to the substrate 11 is assumed to be the 
forward direction. This corresponds to the arrow direction in Figure 2B). 

When reproducing laser fight moves forward from the state in Figure 
2B, as shown in Figure 2C, the temperature of the magnetic domain 22a rises 
25 to form the portion 22p. At this time, a magnetic domain wall of the 

magnetic domain 2 lb adjacent to the magnetic domain 22b positioned forward 
of the portion 22p moves. Then, as shown in Figure 2D, an enlarged 
magnetic domain 2 lb is formed. The information of the magnetic domain 
23b is transferred to the enlarged magnetic domain 21b via the second 
30 magnetic layer 22. 

As described above, according to the DWDD system, information 
recorded in the third magnetic layer 23 is enlarged and transferred to the first 
magnetic layer 21. Thus, according to the DWDD system, it is possible to 
reproduce information of a magnetic domain that is smaller than a spot 
35 diameter of reproducing laser fight. In the optical disk 10, information is 
reproduced by the DWDD system, whereby information can be 
recorded/reproduced at a high density. Recording of information onto such a 
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minute magnetic domain can be conducted by optical pulse magnetic field 
modulation recording or the like. 

As described above, according to Embodiment 1, an optical disk with a 
high recording density is obtained that can be initialized in a short period of 
time. 

The optical disk 10 of the present invention further may include a 
heat conduction adjusting layer for adjusting the sensitivity of the recording 
layer 12 between the second dielectric layer 14 and the protective coating 
layer 15. Figure IB is a partial cross-sectional view of an optical disk 20 
having a heat conduction adjusting layer 17. As the heat conduction 
adjusting layer 17, a metal film can be used. For example, a film made of 
aluminum or gold can be used. The thickness of the heat conduction 
adjusting layer 17 generally is about 50 nm to about 500 nm. 

Embodiment 2 

In Embodiment 2, an example of a method for producing an optical 
disk according to the present invention will be described. Embodiment 2 is 
directed to a method for producing an optical disk that reproduces an 
information signal by the DWDD system, using light incident on a substrate 
side. In Embodiment 2, the case will be described in which the optical disk 
10 of Embodiment 1 is produced. Furthermore, the same components as 
those described in Embodiment 1 are denoted with the same reference 
numerals as those therein, and a repeated description thereof will be omitted 
herein (this also applies to the other embodiments). 

According to the production method of Embodiment 2, the first 
dielectric layer 13, the recording layer 12, and the second dielectric layer 14 
are formed on the substrate 11 in this order (hereinafter, this process may be 
referred to as "Process (i)"). These layers can be formed continuously by, for 
example, sputtering using a magnetron sputtering apparatus, vapor 
deposition, or the like. In particular, a plurality of magnetic layers 
constituting the recording layer 12 are allowed to maintain magnetic 
exchange coupling by being formed continuously without breaking a vacuum 
state. Layers other than those described above may be formed between the 
substrate 11 and the second dielectric layer 14. 

After Process (i), the recording layer 12 is irradiated with laser light 
having a wavelength X from the side of the second dielectric layer 14, whereby 
initialization for weakening magnetic coupling of a part of the recording layer 
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12 is conducted (hereinafter, this process may be referred to as "Process (ii)"). 
The initialization process will be described later. 

After Process (ii), the protective coating layer 15 may be formed on the 
second dielectric layer 14. The protective coating layer 15 also may be 
formed between Process (i) and Process (ii). 

Furthermore, after Process (ii), the heat conduction adjusting layer 17 
described in Embodiment 1 may be formed on the second dielectric layer 14. 
The heat conduction adjusting layer 17 can be formed by sputtering or vapor 
deposition. In this case, the protective coating layer 15 is formed after the 
heat conduction adjusting layer 17 is formed. 

Hereinafter, an example of the initialization process (Process (ii)) of 
the optical disk 10 will be described. In the following, initialization of the 
optical disk 10 will be described that uses a substrate 11 made of 
polycarbonate having a refractive index of 1.58, a first dielectric layer 13 
(thickness: 50 nm) made of Si 3 N 4 , a second dielectric layer 14 (thickness: 40 
nm) made of Si 3 N 4 , and a protective coating layer 15 (thickness: 10 jam) made 
of an acrylic UV-curable resin having a refractive index of 1.6. Similarly, in 
the following, initialization of the optical disk 10 will be described in which the 
recording layer 12 includes the first magnetic layer 21, the second magnetic 
layer 22, and the third magnetic layer 23 successively stacked from the 
substrate 11 as shown in Figure 2 A. Herein, the first magnetic layer 2 1 is a 
GdCo layer (thickness: 30 nm), the second magnetic layer 22 is a DyFe layer 
(thickness: 10 nm), and the third magnetic layer 23 is a TbFeCo layer 
(thickness: 40 nm). 

Figure 3 schematically shows an exemplary structure of an 
initialization apparatus 30 used for initializing the optical disk 10. Referring 
to Figure 3, the initialization apparatus 30 includes a laser light source 31 for 
annealing, a beam splitter 32, a focus detector 33, an objective lens 34 (NA = 
0.85), and a focus actuator 35. In Figure 3, the first dielectric layer 13, the 
recording layer 12, and the second dielectric layer 14 are collectively defined 
as a recording/reproducing layer 36. 

The optical disk 10 in Figure 3 includes clock pits 37 and wobble pits 
38. Parts of the recording/reproducing layer 36 become recording tracks 39. 
The wavelength of laser light used for recording/reproducing is in the range of 
600 nm to 680 nm. The diameter of a laser spot of laser light for 
recording/reproducing is in the range of about 0.45 \im to about 0.60 nm. The 
track pitch of a recording track is in the range of 0.6 \im to 0.7 |im. The 
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reflectivity R R of a recording track 39 with respect to laser light used for 
recording/reproducing and a reflectivity R M of a mirror portion (i.e., a region 
between adjacent two recording tracks) satisfy 0.95 < R R /R M ^ 1-0. 

Laser light LI (wavelength: 650 nm) for annealing emitted from the 
laser light source 31 passes through the beam splitter 32 and is condensed by 
the objective lens 34 to form a laser spot SI. In the initialization apparatus 
30, the objective lens 34 with an NA of 0.85 corresponding to the thickness of 
the protective coating layer 15 is used, so that the laser spot Si becomes 
smaller than that of the conventional apparatus, and its diameter becomes 
380 nm. Light reflected from the laser spot Si is detected by the focus 
detector 33 via the objective lens 34 and the beam splitter 32. The focus 
actuator 35 is driven based on the detected signal, and controls the laser spot 
Si so that its diameter is not largely changed. 

Initiahzation of the optical disk 10 is conducted by radiating the laser 
light Ll to a region between two recording tracks 39 adjacent in the radial 
direction, thereby annealing the region. More specifically, the laser light Ll 
is controlled so that the laser spot SI scans a region between two adjacent 
recording tracks. In other words, the laser spot Si scans a line away from 
the center of the recording track by 1/2 of a track pitch in the radial direction. 
At this time, the laser spot Si is moved at an appropriate linear velocity with 
respect to the recording/reproducing layer 36 of the optical disk 10 by using a 
rotation drive mechanism (not shown) for moving the optical disk 10 and a 
mechanism (not shown) for moving the laser spot Si in the radial direction of 
the optical disk. Thus, initiahzation for forming annealed regions 100 can be 
conducted by irradiation with the laser light Ll. In the annealed regions 100, 
the temperature of the first magnetic layer 2 1, the second magnetic layer 22, 
and the third magnetic layer 23 rises, and a magnetization state thereof 
becomes different from that of the periphery. As a result, magnetic coupling 
is cut off in the annealed regions 100. In the case where an emission laser 
power of the laser light source 31 is 50 mW, the width of the annealed region 
100 can be set to be 0. 18 |im at a linear velocity of 20 m/sec. This is caused by 
the following: the wavelength of the laser light Ll used for initialization is 
shorter than that of the laser light for initiahzation described in the 
conventional example; the NA of the used objective lens 34 is larger than that 
described in the conventional example, and the thickness of the second 
dielectric layer 14 is set so that the absorption of the laser fight Ll becomes 
largest. 



12 



Figure 3 shows an example of an optical disk of a sample servo 
tracking system. The present invention is not limited thereto (this also 
applies to the other embodiments). For example, as shown in Figure 4, lands 
41 and grooves 42 may function as recording tracks. In this case, each 
annealed region 110 may be formed in a difference in level between the land 
41 and the groove 42. Furthermore, as shown in Figure 5, an optical disk 
may include lands 5 1 with a small width and grooves 52 with a large width, 
and the grooves 52 may function as recording tracks. In this case, the 
annealed regions 120 may be formed on the lands 51. Furthermore, in 
contrast with Figure 5, an optical disk may have lands with a large width and 
grooves with a small width, and the lands may function as recording tracks. 

In Embodiment 2, as a material for the second dielectric layer 14, 
Si 3 N 4 with a refractive index of 2.0 is used. However, as a material for the 
second dielectric layer 14, ZnSe with a refractive index of 2.6 and ZnS with a 
refractive index of 2.2 may be used (this also applies to the other 
embodiments). In this case, even the relatively thin second dielectric layer 

14 can use laser light for initialization efficiently. Therefore, there is an 
advantage that a film formation time of the second dielectric layer 14 can be 
shortened. Furthermore, by setting an imaginary part of a complex 
refractive index of the second dielectric layer 14 at a wavelength of laser light 
for initialization smaller than 0. 1, an energy loss during initialization can be 
decreased, and initialization can be conducted with a smaller power or in a 
shorter period of time. Furthermore, by setting a transmittance of laser light 
for initialization in the second dielectric layer 14 at 90% or more, initialization 
can be conducted with a smaller power or in a shorter period of time. 

Furthermore, in Embodiment 2, the protective coating layer 15 is 
made of acrylic resin with a refractive index of 1.6, and the substrate 11 is 
made of polycarbonate with a refractive index of 1.56. However, even when 
the refractive index of the protective coating layer 15 is equal to or less than 
that of the substrate 11, the effects of the present invention can be obtained 
(this also applies to the other embodiments). 

Furthermore, in Embodiment 2, initialization using the laser light LI 
is conducted before forming the protective coating layer 15. However, it also 
is possible to conduct initialization after forming the protective coating layer 

15 (this also applies to the other embodiments). 
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Embodiment 3 

In Embodiment 3, another exemplary method for producing an optical 
disk according to the present invention will be described. The production 
method of Embodiment 3 is different from that of Embodiment 2 only in the 
initialization process (Process (ii)). Therefore, a repeated description thereof 
will be omitted here. 

Hereinafter, the initialization method of Embodiment 3 will be 
described. Figure 6 schematically shows a structure of an initialization 
apparatus 60 used by the production method of Embodiment 3. 

Referring to Figure 6, the initialization apparatus 60 includes a laser 
light source 31 for annealing, laser beam splitters 32, 62 and 65, a focus 
detector 33, an objective lens 34, a focus actuator 35, a laser light source 61 for 
tracking servo, a photodetector 63, and a tracking actuator 64. 

An operation of the initialization apparatus 60 will be described with 
reference to Figure 6. Laser light L2 emitted from the laser light source 6 1 
passes through the beam splitters 62 and 32, and is condensed by the objective 
lens 34 to form a laser spot S2. Simultaneously, laser light Ll emitted from 
the laser light source 31 for initialization passes through the beam splitters 62 
and 32, and is condensed by the objective lens 34 to form a laser spot Si. The 
distance between the center of the laser spot Si and the center of the laser 
spot S2 is set so as to be substantially a half of a pitch of a recording track 39. 
Aline connecting the center of the laser spot SI to that of the laser spot S2 is 
set so as to be perpendicular to a longitudinal direction of the recording track 
39. 

Light reflected from the laser spot S2 enters the beam splitter 32 via 
the objective lens 34, and bends its optical path in the direction of the beam 
splitter 65 to enter the photodetector 63. A window gate appropriate for a 
signal from the photodetector 63 is provided to obtain a sampling servo signal. 
The sampling servo signal is sent to the tracking actuator 64 and controls the 
laser spot S2 so that it scans the recording track 39. 

Reflected light from the laser spot Si enters the beam sp Utter 32 via 
the objective lens 34, and bends its optical path in the direction of the beam 
splitter 65 to enter the focus detector 33. A signal from the focus detector 33 
is sent to the focus actuator 35 and operates it, thereby controlling the laser 
spot Si so that the diameter thereof is not largely changed. 

When the laser spot Si and the optical disk are moved at an 
appropriate linear velocity by using a rotation drive mechanism (not shown) of 
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an optical disk and a mechanism (not shown) for moving the laser spots Si 
and S2 in the radial direction of the optical disk, annealed regions 130 can be 
formed between the adjacent recording tracks 39. In the annealed regions 
130, the temperature of the first magnetic layer 21, the second magnetic layer 
22, and the third magnetic layer 23 rises, and a magnetization state thereof 
becomes different from that of the periphery. As a result, magnetic coupling 
is cut off in the annealed regions 130. 

In the case of the production method of Embodiment 3, tracking servo 
can be conducted by the laser spot S2. Therefore, the optical disk can be 
moved in the radial direction with a simple mechanism. 

Furthermore, anneal processing can be conducted by reading an 
address of the optical disk. Therefore, heating and measurement of a 
temperature as shown in Embodiment 4 can be conducted. 

In Embodiment 3, a method for producing an optical disk of a sample 
servo tracking system has been described. However, the optical disk shown 
in Figure 4 or 5 described in Embodiment 2 also can be produced similarly. 

According to the production method of Embodiment 3, regions of the 
recording/reproducing layer 36 to be scanned by the laser spot S 1 may be 
heated immediately before the laser spot Si scans them (this also applies to 
the other embodiments). Such heating can be conducted, for example, by 
irradiation with infrared rays, electromagnetically induced heating, 
microwave heating, or laser heating. Regarding the case of conducting 
heating by irradiation with infrared rays, Figure 7 schematically shows a part 
of an initialization apparatus. 

In Figure 7, the recording/reproducing layer 36 of the optical disk 
moves relatively with respect to the objective lens 34 in the arrow direction. 
The initialization apparatus in Figure 7 is provided with an infrared 
irradiation apparatus 71 in addition to the initialization apparatus in Figure 6. 
The infrared irradiation apparatus 71 is disposed at a position immediately 
before a scanning position of the laser light LI. 

According to the production method using the initialization apparatus 
in Figure 7, infrared rays are radiated from the infrared irradiation apparatus 
71 to a position immediately before a scanning position of the laser spot Si. 
Because of this, the temperature of the recording/reproducing layer 36 is 
increased previously, and thereafter, initialization is conducted by anneal 
processing using the laser spot Si. Due to the infrared irradiation, the 
temperature of the recording/reproducing layer 36 can be increased to about 
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100°C, and a time required for initialization can be shortened by about 20%. 
Furthermore, the optical disk is stored in a thermostat kept at 100°C, and the 
above-mentioned infrared irradiation and scanning of the laser spot Si are 
conducted under the condition that the temperature of the optical disk is kept, 
whereby a time required for initialization further can be shortened by about 
10%. 

Embodiment 4 

In Embodiment 4, another example of a method for producing an 
optical disk according to the present invention will be described. The 
production method of Embodiment 4 is different from that described in 
Embodiment 2 only in the initialization process (Process (ii)). Therefore, a 
repeated description thereof will be omitted here. 

Figure 8 schematically shows a part of a structure of an initialization 
apparatus 80 used in Embodiment 4. In addition to the structure of the 
initialization apparatus 60 shown in Figure 6, the initialization apparatus 80 
includes a first laser light source 81 for reproducing, a first magnetic head 82 
for recording, an objective lens 83, a beam splitter 84, a photodetector 85, a 
second laser light source 91 for reproducing, a second magnetic head 92 for 
recording, an objective lens 93, a beam splitter 94, a photodetector 95, an 
operation amplifier 96, and an infrared sensor 97. 

Next, an operation of the initialization apparatus 80 will be described 
with reference to Figure 8. An optical disk moves relatively with respect to a 
laser spot Si in the arrow direction. Although not shown in Figure 8, the 
focus of the laser spot Si is controlled by a focus control system as shown in 
Figure 3, and the tracking thereof is controlled by a tracking control system as 
shown in Figure 6. 

In order to measure a temperature at a portion immediately before a 
scanning position of the laser spot Si, the infrared sensor 97 is set at the 
position immediately before the scanning position of the laser spot Si. A 
signal regarding a temperature output from the infrared sensor 97 is fed back 
to the laser light source 31 to control an output of the laser light source 31. 
By adopting this system, for example, the uniformity of a width of an 
annealed region and the stability of a level of a reproduction signal during 
recording/reproducing information can be enhanced, and a noise level during 
reproducing can be reduced. 

Alternatively, the following also may be possible: laser light emitted 
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from the laser light source 81 is radiated to the recording/reproducing layer 36 
on the side of the substrate 11 via the beam splitter 84 and the objective lens 
83 to conduct tracking control and focus control; a rectangular wave type 
magnetic field with a single frequency is applied to and recorded on the 
recording/reproducing layer 36 by using the first magnetic head 82; and a 
reproduction signal level at this time is detected by the photodetector 85. A 
magnetooptical signal in the recording/reproducing layer 36 is changed in 
accordance with its temperature. Therefore, using the characteristics, a 
signal corresponding to a temperature at an irradiation point of laser light is 
obtained, and the signal thus obtained can be fed back to the laser light source 
31 via a signal cable 99. In this case, a signal is obtained that corresponds to 
a temperature regarding a small portion immediately before a scanning 
position of the laser spot Si. The uniformity of a width of an annealed region 
further can be enhanced, and the stability of a reproduction signal level in a 
high frequency region can be enhanced. Furthermore, a noise level during 
reproducing in the high frequency region can be reduced. 

Furthermore, in the presence of a heating apparatus such as the 
infrared irradiation apparatus 71 shown in Figure 7, laser light emitted from 
the laser light source 91 may be radiated to a portion of the 
recording/reproducing layer 36 that is hardly influenced by the heating 
apparatus from the substrate 11 side via the beam splitter 94 and the 
objective lens 93, whereby tracking control and focus control are conducted. 
A rectangular wave type signal with a single frequency is recorded by the 
second magnetic head 92, and a signal level at this time is detected by the 
photodetector 95, whereby a signal is obtained that corresponds to a 
temperature of the recording/reproducing layer 36 in a laser irradiation potion. 
The difference between a signal from the photodetector 95 and that from the 
photodetector 85 is amplified by using the operation amplifier 96, and a signal 
thus obtained is fed back to the laser light source 31. When this method is 
adopted, even in the presence of the heating apparatus, an annealed region 
with a stable width can be obtained, and a large reproduction S/N ratio can be 
obtained. 

In Embodiment 4, in order to measure a temperature, a signal 
corresponding to a temperature is obtained from the infrared sensor 97 or a 
magnetooptical signal. However, the temperature may be measured by 
another method. 
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Embodiment fi 

In Embodiment 5, another example of an optical disk and a method for 
producing the same according to the present invention will be described. An 
optical disk of Embodiment 5 is different from that of Embodiment 1 only in a 
5 configuration of a recording track. Furthermore, the production method of 
Embodiment 5 is different from that of Embodiment 2 only in the 
initialization process (Process (ii)). Therefore, a repeated description thereof 
will be omitted here. Figure 9 is a partial sectional perspective view of an 
optical disk 10a of Embodiment 5. In Figure 9, a partial hatching is omitted. 
10 Referring to Figure 9, the optical disk 10a includes a disk-shaped 

substrate 11, a recording layer 12 disposed above the substrate 11, a first 
□ dielectric layer 13 disposed between the substrate 11 and the recording layer 

12, a second dielectric layer 14 disposed on the recording layer 12 opposite to 
the substrate 11, and a protective coating layer (not shown) disposed on the 
^ 15 second dielectric layer 14. 

In the optical disk 10a, data regions 107 and pit regions 108 are 
disposed alternately in the peripheral direction of the disk. In the data 
region 107, grooves 102 and lands 103 are disposed alternately in the radial 
direction. The grooves 102 are disposed in a concentric shape or a spiral 
20 shape in a recording/reproducing region of the substrate 11. The lands 103 
correspond to inter-groove portions between adjacent two grooves 102. The 
grooves 102 correspond to portions to be recording tracks. A recording track 
is cut off magnetically from an adjacent recording track by irradiating the 
lands (inter-groove portions) 103 with a laser spot of laser light having a 
25 wavelength (e.g., in a range of 0.5 \im to 0.6 |^m) shorter than that used for 
recording/reproducing. Herein, a reflectivity R G of the grooves 102 and a 
reflectivity R L of the lands 103 satisfy 0.95 < R G /R L < 1.0. In order to set the 
value of "Rg/R l " in this range, the depth of the grooves 102 may be set at 40 
nm or less. In order to weaken the magnetic coupling of a part of the 
30 recording layer 12, it is preferable that the depth of the grooves 102 is 20 nm 
or more. Thus, the depth of the grooves 102 preferably is in a range of 20 nm 
to 40 nm. 

In the pit region 108, address pits 106 and wobble pits 381 and 382 
are formed. The wobble pits 381 and 382 are sample servo pits for 
35 conducting tracking control by the sample servo system. Laser light used for 
recording/reproducing has a wavelength in a range of 600 nm to 650 nm. The 
diameter of a laser spot is in a range of about 0.45 |im to about 0.60 (am. The 
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track pitch of a recording track is in a range of 0.5 nm to 0.6 |im. The width 
of the land 103 is in a range of 20% to 45% of the track pitch (herein, the track 
pitch is equal to the total width of the groove 102 and the land 103). The 
other features of the optical disk 10a are the same as those of the optical disk 
5 10 described in Embodiment 1. For example, the thickness of the second 
dielectric layer 14 is in a range of A7(12 x n) to A,/(2 x n) (n represents a 
refractive index of the second dielectric layer 14, and X represents a 
wavelength of laser light for initialization). 

An exemplary method for producing an optical disk of Embodiment 5 

10 will be described. 

First, in the same way as in Embodiment 2, a first dielectric layer 13, 
a recording layer 12, and a second dielectric layer 14 are formed successively 
on the substrate 11 (Process (i)). 

After the Process (i), laser for initialization with a wavelength X is 

15 radiated from the second dielectric layer 14 side to the recording layer 12, 
whereby initialization for weakening magnetic coupling of a part of the 
recording layer 12 is conducted. As the initialization apparatus, the same 
apparatus as that described in Embodiment 2 can be used. According to the 
production method of Embodiment 5, a laser light source 31 emitting a violet 

20 laser with a wavelength X in a range of 400 nm to 440 nm is used. 

Furthermore, the beam splitter 32, the focus detector 33, the objective lens 34 
(NA = 0.85) and the focus actuator 35 are adjusted for violet laser. 

Hereinafter, an initialization process will be described with reference 
to Figure 3. In the following, the case will be described in which a 

25 wavelength of laser light for initialization (annealing) is 400 nm. Laser light 
LI (wavelength: 400 nm) for annealing emitted from the laser light source 31 
passes through the beam splitter 32, and is condensed by the objective lens 34 
to form a laser spot Si. The initialization apparatus 30 uses the objective 
lens 34 with an NA of 0.85 corresponding to the thickness of the protective 

30 coating layer 15. Therefore, the laser spot Si becomes smaller than that in 
the conventional example, and its diameter becomes about 240 nm. Light 
reflected from the laser spot Si is detected by the focus detector 33 via the 
objective lens 34 and the beam splitter 32. The focus actuator 35 is driven 
based on the detected signal, and controls the laser spot Si so that its 

35 diameter is not largely changed. 

Initialization of the optical disk 10a is conducted by irradiating the 
lands 103 with the laser light Ll to anneal them. More specifically, the 
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position of the laser light LI is controlled by using, for example, a push-pull 
tracking control method so that the laser spot Si scans the center of the lands 
103. At this time, the laser spot S 1 is moved at an appropriate linear velocity 
with respect to the recording/reproducing layer of the optical disk 10a by 
5 using a rotation drive mechanism (not shown) for moving the optical disk 10a 
and a mechanism (not shown) for moving the laser spot Si in the radial 
direction of the optical disk. In the lands 103 irradiated with the laser light 
Ll, the temperature of the first, second and third magnetic layers 21, 22 and 
23 rises, and a magnetization state thereof becomes different from that of the 
10 periphery. As a result, magnetic coupling is cut off in the lands 103. Thus, 
by irradiating the lands 103 with the laser beam Ll, the lands 103 are 
initialized. In the case where an emitted laser power of the laser light source 
31 is 6 mW, the width of an annealed region (initialization region) in the lands 
103 can be set to be about 0.2 \xm or less at a linear velocity of 3 m/sec. This 
Li 15 is caused by the following: a violet laser is used for initialization; an NA of the 
used objective lens 34 is larger than that described in the conventional 
example; the thickness of the second dielectric layer 14 is set so that the 
reflection of the laser light Ll is made small and the absorption amount of the 
laser light Ll is increased, and a light spot is radiated to the lands 103 in a 
20 convex shape, whereby light is absorbed by the convex portions, and a 
substantially narrow annealed width can be realized. 

Embodiment 6 

In Embodiment 6, another example of an optical disk of the present 
25 invention will be described. Regarding the same components as those 

described in the above-mentioned embodiments, a repeated description will be 
omitted here. 

An optical disk of Embodiment 6 includes a substrate and a recording 
layer disposed above the substrate, and reproduces an information signal by 
30 the DWDD system, using light incident from the substrate side. 

More specifically, in the same way as in the optical disk of 
Embodiment 1, the optical disk of Embodiment 6 includes a substrate 11, a 
recording layer 12 disposed above the substrate 11, a first dielectric layer 13 
disposed between the substrate 11 and the recording layer 12, a second 
35 dielectric layer 14 disposed on the recording layer 12 opposite to the substrate 
11, and a protective coating layer 15 disposed on the second dielectric layer 14. 
In the optical disk of Embodiment 6, there is no limit to the thickness 
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of the second dielectric layer. However, it is preferable to set the thickness of 
the second dielectric layer to be the same as that in Embodiment 1. 

In the optical disk of Embodiment 6, sample servo pits for conducting 
tracking control by the sample servo system are formed on the substrate, and 
5 in the recording/reproducing region of the substrate, recording tracks are 
formed in a concentric shape or a spiral shape. In the optical disk of 
Embodiment 6, laser light used for recording/reproducing has a wavelength in 
a range of 600 nm to 650 nm, and the diameter of the laser spot is in a range of 
about 0.45 nm to about 0.60 jam. The track pitch of a recording track is in a 
10 range of 0.5 jam to 0.6 (am and is smaller than a diameter of a laser spot of 

laser light used for recording/reproducing. Furthermore, a recording track is 
q cut off magnetically from an adjacent recording track by scanning of a laser 

0 spot with a wavelength shorter than that of laser light used for 

2 recording/reproducing. In the optical disk initialized by this method, the 

15 reflectivity R R of recording tracks with respect to laser light used for 

recording/reproducing and a reflectivity R M of a mirror portion (i.e., a region 
between two adjacent recording tracks) satisfy 0.95 < R R /R M < 1.0. 
if* As described above, in the optical disk and method for producing the 

1 \ same according to the present invention, the width of an annealed region 

C 20 between recording tracks can be made small, and the uniformity of the width 
~ of an annealed region can be enhanced. Therefore, according to the present 

invention, an optical disk with a high recording density, a high signal level, 
and a low noise can be obtained. Furthermore, the scanning speed during 
annealing can be increased, so that there are remarkable effects that 
25 initialization can be conducted in a short period of time, and productivity is 
remarkably enhanced. 

The invention may be embodied in other forms without departing from 
the spirit or essential characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects as illustrative and not 
30 limiting. The scope of the invention is indicated by the appended claims 

rather than by the foregoing description, and all changes which come within 
the meaning and range of equivalency of the claims are intended to be 
embraced therein. 
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